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SECOND APPROXIMATION TO THE SOLUTION OF THRE

SUSPENDED 1LOAD THEORY

By
H. A. Einstein and Ning Chien

Introduction
Based on the mechanics of turbulent flow of fluids, it has been es-
tablished that the distribution of the relative concentration of the

suspended load is of the following forms

C
gim (RS g
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where Cy and C, are the concentrations of a given grain size with settling
velocity Vg at the distance y and a, respectively, from the bed, K is
Karman's universal constant (0.4 for clear water in pipes), u, is the shear
velocity at the bed, and d is the depth of flow.

Eq. (1) has been shown to be the correct form of the distribution
function in large rivers, except that the value of the exponent Z given by
eq. (2) does not agree with 2y, the exponent that fits the measured data.

In general, the distribution of the suspended load is more uniform than that
indicated by the theory. Vanoni (1946) and Ismail (1951) proposed that the
sediment transfer coefficient, € ,, 1s not the same as the momentum trans-

fer coefficient, E‘nP but that they are related by the following formula:



€s =Pem (3)

#here B seems to be a function of the particle size. And
5 -ﬁ%"—— o g ‘

Uy B (4)
which indicates the dev:latio‘:‘) of Zy from Z. Omn the other hand, Anderson
(1942) has shown from the results of river measurements that

(1) for small Z-values, the measured exponent Z) is the same as that
indicated by equation (2); and

(2) for large Z-values, the measured values of Z, are smaller than Z
and seem to approach a finite value.
Recently the Corps of Engineers have conducted two sets of more accurate
measurements in the Missouri River at Omaha, Nebraska, and in the Atcha-
falaya River at Simmesport, Louisiana. Figure 1 gives the results. The
hear velocity at the bed, u,, 1is determined from the depth of flow and
water surface slope. The constant k is then determined from the semi-

logar’ thmic velocity profile by the following equation:

w25 u*S (5)

where S is-the slope of the semi-logarithmic veloecity profile d(log y)/du.
The settling velocity of sediment, V., is taken from Rubey (1933) for the
analysis of the Atchafalaya River data, and from the settling velocity-grain
size curve provided by the Corps of Engineers, Missouri River Division, in
analyzing the Missouri River data, Both settling velocity data are deter-
mined in still water. From the values of u,, k, and Vg, the exponent 2

is calculated according to equation (2). The corresponding Zy is determined
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from the measured distribu‘ion of particle concentration for that size.
Each pair of Z; and Z is then plotted in Figure 1. The Missouri River data
are obtained from both the central flat area and the rough area near tihe
right bank of a straight reach about one mile long, and 1,000 feet wide.
Only the results taken from the flat area are used in this analysis. The
topographic map of the flat area reveals no appreciable gsand bars or other
irregularities on the river bottom in the neighborhood of the measuring
stations. The Atchafalaya River data are obtained from the Simmespori-
Melville Reach where the average depth varies from 36 to 52 feet for dis-
charges of 120,000 to 415,000 cfs. There are ten sets of sediment
distribution measurements and eleven sets of velocity distribution measure-
ments available. Unfortunately the two measurements are not taken at the
same time and from the same vertical, Only measurements which are conducted
not more than two or three days apart and during times of constant river
discharge, are paired together and plotted in Figure 1. The results thus
obtained seem to correlste well with the Missouri River data. Figure 1
materially substantiates the findings of Andersen. The scatier of the
measured points is large, yet the trend is evident. Not only 2 is smaller
than Z, but the deviation between these two also becomes consistently larger
as Z increases. It is rather doubtful that this discrepancy can be attrib-
uted to the difference between Efs and E:m alone. The supposition that
the value ?; , which is the ratio of sediment transfer coefficient to
momentum transfer coefficient, remains constant in the vertical also needs
some justifications.

The failure of the suspended load theory to describe river conditions
has long been a challenge to the workers on sedimentation. In cooperation
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with the U. S. Corps of Engineers, Missouri River Division, Omaha, Nebraska,
efforts have been made recently by the writers to attack this perplexing
nproblem, and some of the results are presented in this paper. A review of
1@ ¢ i ting suspended-load theory is made at first and the assumptions in-
“>ived in the derivation of the theory are pointed out. Possible improve-
ments on these assumptions which lead to results comparable to those given
by the river measurements are then presented in detail. The writers do not
attempt to claim that the methods presented in this paper will be the final
solution. In fact, these methods must be classed as new approximations to
the solution of the suspended-load theory. However, the writers do hope
that this paper will stimlate enough attention and point research in the

direction in which the final solution is possible.



